Murine monoclonal antibodies (MAbs) against water-soluble somatic antigens (WSSA) and the wall fraction (WF) from Aspergillus fumigatus were produced by fusion of splenocytes from immunized BALB/c mice with mouse myeloma X63-Ag 8.653 cells. The supernatants of in vitro cultured hybridomas were initially screened for reactivity with the WSSA and the WF from A. fumigatus and WSSA of other fungi in an enzymelinked immunosorbent assay (ELISA). Supernatants reacting only with A. fumigatus antigens were subsequently screened for homologous and heterologous reactivity with immunohistochemical techniques using formalinfixed, paraffin-embedded tissues from experimentally infected mice. Because of a high immunohistochemical reactivity with homologous fungi, 4 MAbs raised against A. fumigatus WSSA and WF were selected for a further evaluation of cross-reactivity (diagnostic specificity) in immunohistochemical and immunoblotting assays. In immunohistochemical assays, all MAbs raised against WSSA cross-reacted heavily with a number of other fungal species. All 4 MAbs (MAb-WF-AF-1-4) raised against the WF reacted strongly with hyphae of Aspergillus spp.; hyphae of Scedosporium apiospermum were also strongly labeled by MAb-WF-AF-3 and-4. The 2 specifically reacting MAbs (MAb-WF-AF-1 and-2) were of the IgM biotype and were precipitating, and in immunoblotting experiments both bound to a 106-kD antigen of the WF, whereas they did not bind to WSSA of A. fumigatus. One of the 2 aspergillosis-specific MAbs (MAb-WF-AF-1) was used to screen 145 mycotic lesions of cattle. The diagnoses on bovine lesions obtained by MAb-WF-AF-1 were compared with results based on reactivity with heterologously absorbed polyclonal antibodies and, for some lesions, to culture results. In the vast majority of lesions (n = 133), the MAb-WF-AF-1 and the polyclonal anti-Aspergillus antibodies reacted in a similar pattern, i.e., positively in 41 aspergillosis lesions and negatively in 92 zygomycotic lesions. Hyphae in 3 of 12 lesions that were not stained by the polyclonal antibodies reacted with the specific MAb-WF-AF-1; i.e., aspergillosis was diagnosed. The characteristics of the 2 MAbs (MAb-WF-AF-1 and-2) raised against the WF of A. fumigatus in ELISA and immunoblotting and immunohistochemical assays justify their application for the in situ diagnosis of systemic aspergillosis of cattle.
Aspergillus fuimigatus is the main cause of systemic bovine aspergillosis, a disease occuring worldwide and of great importance in cattle production. [2] [3] [4] 14, [18] [19] [20] [21] 27, 31, 37 Because systemic mycoses including aspergillosis are difficult to diagnose clinically, most cases are not diagnosed until histopathologic evaluation is completed as part of a postmortem examination. 2-4,14,18-2l,27,3l,37 Attempts to culture the etiologic agents of systemic mycoses including Aspergillus spp. may give false results because of several difficulties, e.g., growth failure, overgrowth by contaminants, recovery of a fungus different from that suggested by the morphology of fungal elements observed by histology, and recovery of a single fungus from lesions having multiple infec-tions. 2, 3, 5, 14, 16, 19 The morphology of fungal elements within tissues may provide a tentative diagnosis, and differentiation between aspergillosis and the other main cause of systemic bovine mycoses, i.e., zygomycosis, may be feasible in some lesions. However, in many cases, obtaining a clearcut etiologic diagnosis, based on morphologic details, is not possible. 1,4,5,14,18,l9,21,22,31 During recent years a number of immunohistochemical techniques have been developed and have contributed significantly to the diagnosis of systemic aspergillosis of both humans and animals. In most of these techniques, polyclonal antibodies have been applied as the primary reagents, 12, 13, 15, 19, 21, 22, 24, 26, 32, 33 whereas monoclonal antibodies (MAbs) have only been utilized for a limited number of fungal species and a few studies. 6, 7, 16, 20, 23, 34, 40 The use of polyclonal antibodies rather than MAbs in immunodiagnostic techniques has some disadvantages, e.g., the time-consuming and labor-intensive heterologous absorption of polyclonal antibodies, which is necessary to achieve sufficient specificity. Moreover, the -production of polyclonal an-tibodies is difficult to standardize because it depends on the antigen used for immunization, the methods used, and the animal selected, its housing, and its nutrition. 10, 14 Therefore, sufficient production, maximal standardization, and widespread applicability are better ensured by the use of MAbs as primary reagents in immunohistochemical techniques.
Monoclonal antibodies with various specificities against antigens of Aspergillus spp. have been developed. 8, 28, 29, 36, 38, 39 A rat IgM MAb (EB-A1) raised against spores of A. flavus has been used in several immunohistochemical studies. 6, 7, 16, 23, 35, 39 In the present study, murine MAbs raised against water-soluble somatic antigens (WSSA) and the wall fraction (WF) of A. fumigatus were used for the immunohistochemical diagnosis of systemic bovine aspergillosis. Fungal antigens. Antigens in the form of WSSA and the WF from A. fumigatus (AF), WSSA from A. corymbifera (AC), and WSSA from R. arrhizus (RA) were produced as described previously. 16 Aspergillus fumigatus was grown for 3 days in the dark at 37 C in agitated Czapek-Dox medium. f Absidia corymbifera and R. arrhizus were grown stationary for 10 days at 25 C in the dark in Czapek-Dox medium supplied with 0.1% (w/v) yeast extract (0127-01-7) f and 0.7% L-asparagine (A 0884). g Following incubation, the mycelial mats were recovered by filtration through a stainless steel mesh and subsequently disintegrated by an X-press h using a precooled (-35 C) 25-ml cylinder operated at a maximal force of 200 MPa. The product was centrifuged at 20,000 x G for 1 hr at 5 C, and the supernatants were sterile filtered. i The filtration product, i.e., WSSA, was then stored in aliquots at -80 C for up to 1 yr. The product of hyphal walls sedimented from centrifugation was extensively washed and re-suspended in 50% (v/v) sterile 0.9% (w/v) saline and boiled for 10 min. This product, i.e., the WF, was also stored at -80 C for up to 1 yr.
Materials and methods
The protein concentration of the antigen preparations was determined by the Bio-Rad method as follows: WSSA-AF = 5.7 mg/ml; WF-AF = 1.5 mg/ml; WSSA-AC = 6.9 mg/ ml; WSSA-RA = 7.9 mg/ml.
Monoclonal antibodies. Splenocytes from 14-wk-old BALB/cABom female mice, k which had been immunized subcutaneously weekly for 7 wk with a (1:2) suspension of WSSA-AF and WF-AF and Freund's incomplete adjuvant, were used. For each antigen, 6 mice were immunized, and donor mice were selected among those producing high titer antiserum (> 1:64) as determined by an immunodiffusion assay.
The mouse myeloma X6 3-Ag 8.653 1 of BALB/c origin was cultured, used as fusion partner, and cultured as previously described. 16, 17, 25 Culture supernatants were tested for specific immunoglobulin production by an enzyme-linked immunosorbent assay (ELISA), and cells from positive wells were cloned at least 3 times by limiting dilution. Stable hybridomas were expanded, and aliquots were cryopreserved at -140 C. 16 ELISA screening of hybridoma supernatants. Immunoplates (Maxisorp) m were coated overnight with 0.1 ml of the antigens WSSA-AF, WF-AF, WSSA-AC, and WSSA-RA diluted 1:1,000 in carbonate buffer, pH 9.6. Coated plates were incubated for 1 hr with 0.1 ml culture supernatant, and reactivity was detected by incubation with peroxidase-labeled rabbit anti-mouse immunoglobulins (P 0260) n diluted 1:2,000 in phosphate-buffered saline (PBS) containing 1% (w/v) bovine serum albumin and 0.05% (v/v) Tween 20 (pH 7.2) for 1 hr. Peroxidase activity was measured as previously described. 16 Positive reference sera (from the immunized mice) and preimmune murine sera were included on each plate.
Hybridomas developed from mice immunized with WSSA-AF and WF-AF were selected from clones reacting strongly to homologous antigens (optical density [OD] > 1.50) without showing specific reactivity with WSSA-AC and WSSA-RA (OD < 0.07).
The isotype of supernatants was determined by an ELISA kit using plates coated with WSSA and the WF of A. fumigatus and biotinylated murine subclass specific antibodies. o Reference mycoses. Experimental murine infections with the fungal strains were, with the exception of the dermatophytes (T. verrucosum and T. mentagrophytes var. granulare), established in 6-wk-old female BALB/cABom mice as previously described. 16 Tissues containing reference fungi were fixed in 10% buffered formalin and embedded in paraffin, and 5-µm-thick sections were cut and stained by the periodic acid-Schiff (PAS) reaction and Grocott's methenamine silver stain for fungi. Only tissues containing abundant numbers of fungi and from which the fungus was isolated were serial cut and subjected to immunohistochemical staining.
Bovine mycoses. Tissue sections from a total of 145 bovine mycotic lesions diagnosed histopathologically by the demonstration of fungi within the tissues and accompanied by a typical pathologic reaction were evaluated. Of the lesions, 39 were in the placenta, 79 were in lymph nodes, and 27 were in the gastrointestinal tract, including concomitant metastatic lesions in other organs (3 in liver, 1 in lung, 1 in kidney). Fungi within lesions had previously been examined immunohistochemically by two heterologously absorbed polyclonal rabbit antibodies identifying aspergillosis and zygomycosis. 19 Sections of bovine tissues were obtained from paraffin blocks that had been stored for up to 14 yr.
Immunohistochemistry. Sections of tissues containing reference infections and tissues of bovine origin were mounted on adhesive glass slides p and stored at 5 C for up to 4 yr. The sections were dewaxed, rehydrated, and rinsed in Trisbuffered saline (TBS; 20 mM, pH 7.6). All sections were stained by an indirect immunofluorescence (IIF) technique, but in many cases a 3-layer horseradish peroxidase antiperoxidase (PAP) technique and a 3-layer alkaline phosphatase antialkaline phosphatase (APAAP) technique were also used. The techniques were, with a few modifications, applied as previously described. 16 With the IIF technique, sections were treated with 0.07% (w/v) protease type XXIV (P-803) g in TBS at 20 C for 5 min followed by washing in cold (5 C) TBS and then tap water for 5 min each prior to incubation with 5% (v/v) normal swine serum in TBS (NSS + TBS) (pH 7.6) for 10 min. Sections were then incubated for 30 min at 20 C with primary murine MAbs diluted in NSS + TBS followed by incubation for 30 min at 20 C in the dark with fluorescein isothiocyanate labeled F(ab') 2 fragments of rabbit anti-mouse immunoglobulins (F 0313) n diluted 1:20 in NSS + TBS. Following mounting in 2.5% (w/v) 1,4-diazobiclo-(2,2,2)-octane (D-2522) g (pH 8.6), the reactivity was determined as previously described. 21 With the PAP technique, sections were initially treated with 30% TBS-H 2 O 2 (50:1) for 15 min, followed by a treatment with 0.07% protease as above. Sections were then incubated with NSS + TBS (pH 7.6) for 10 min, with the murine MAbs diluted in NSS + TBS for 20 hr. at 4 C, with goat anti-mouse antibodies (Z0420) n diluted 1:25 in NSS + TBS for 30-60 min at 20 C, and with horseradish peroxidase mouse antiperoxidase immune complexes (B 0650) n diluted 1:100 in NSS + TBS for 30-60 min at 20 C. The reactivity was developed for 15-30 min at 20 C in 3-amino-9-ethylecarbazole as previously described. 17 Before mounting, n the sections were counterstained in Harris's hematoxylin for 15 sec.
The APAAP technique was performed as was the PAP technique until application of APAAP immunocomplexes, with the exclusion of the initial treatment of sections with H 2 O 2 . Following incubation with alkaline phosphatase mouse antialkaline immunocomplexes (D 0651)n diluted 1:50 in NSS + TBS for 15-30 min at 20 C, the reaction was developed in fast red as previously described. 16 In the IIF, PAP, and APAAP techniques, sections were washed in TBS 3 times for 5 min each before addition of each new reagent, apart from incubation in 5% NSS + TBS. Sites where horseradish peroxidase and alkaline phosphatase were deposited became brownish and red, respectively, following development.
The immunoreactivity was graded as follows: -= negative; + = weak; + + = moderate; + + + = strong. The plateau and staining end points were determined by serial 2-fold dilutions of the primary murine MAbs. 21 Subsequently, the specificities (cross-reactivity) of the MAbs having the highest sensitivity were examined at their respective plateau end points.
Controls on aspergillosis lesions included replacement of the primary MAbs with 5% NSS + TBS and with murine MAbs raised against A. corymbifera and R. arrhizus and incubation with preimmune mouse serum. Incubation with 100% (v/v) homologous absorbed MAbs was done as previously described. 21 Moreover, bovine lesions were examined in parallel with reference sections containing homologous and heterologous fungi.
Immunoblotting. Following sodium dodecyl sulfate polyacrylamide gel electrophoresis (12.5%) antigens (WSSA-AF, WF-AF, WSSA-AC, WSSA-RA) were electrically transferred onto nitrocellulose membranes (0.45 µm) q at 12 V for 2 hr. After blocking for 5 min with 2% (v/v) Tween 20 in 0.01 M PBS (pH 7.6), membranes were washed 3 times in 0.05% (v/ v) Tween 20 in PBS (PBS-T) for 10 min each, cut into strips, and incubated with the murine MAbs. The antibodies were applied in dilutions of 1:25 to 1:100 in PBS, and the membrane strips were incubated for 1 hr at 25 C, washed 3 times for 10 min each with PBS-T, and subsequently incubated at room temperature for 1 hr with horseradish-peroxidase-labeled anti-mouse antibodies (P 0260) n diluted 1:2,000 in PBS. Reactions were developed in DONS/TMB as previously described. 16 Prestained molecular weight markers (low weight markers) were used for the evaluation of the molecular weights of reacting bands.
Controls included incubation with preimmune serum and MAbs raised against A. corymbifera and R. arrhizus.
Precipitin reactions. Immunodiffusion was performed in 1% (w/v) agarose gels r in Tris-barbital buffer (pH 8.5). Wells with a capacity of 20 µl were arranged 0.5 mm apart in a hexagonal pattern with a central antigen well. Antigens were used undiluted. Murine serum was applied in serial 2-fold dilutions, whereas the MAbs were used undiluted. On each gel, positive and negative polyclonal rabbit antisera were included. The gels were incubated for 48 hr at 4 C, and the wells were re-filled after 24 hr. Following completion of diffusion, the gels were rinsed in ethylenediaminetetraacetic acid 2.5% (w/v), pressed, rinsed, dried, and stained with Coomassie brilliant blue (0.5% [w/v]), and immunoprecipitates were recorded. The titer of murine serum was designated as the end point dilution for formation of immunoprecipitates.
Results
Screening of clones. Primarily, the screening of hybridoma supernatants in ELISA was performed with the crude homologous antigens (WSSA-AF and WF-AF) used for immunization and WSSA of the 2 heterologous fungi, i.e., A. corymbifera and R. arrhizus. Of the supernatants reacting only with Aspergillus antigens, 14 and 30 hybridomas made from mice immunized with WSSA-AF and WF-AF, respectively, were selected for screening in immunohistochemical assays.
Immunohistochemical evaluation of reference my- Table 1 . Immunohistochemical reactions of reference fungi Table 2 . Immunohistochemical classification of 145 lesions of stained with murine monoclonal antibodies (MAbs) raised against bovine mycosis by heterologously absorbed polyclonal antibodies water-soluble somatic antigens (WSSA) and the wall fraction (WIT) and a monoclonal antibody (MAb-WF-AF-1) raised against the wall of Aspergillus fumigatus.
fraction of Aspergillus fumigatus.
cases. Of the 44 supernatants selected for an initial screening on reference tissue sections and containing homologous and heterologous fungi, 8 MAbs revealed a high reactivity with plateau end points at 1:16 and 1:32, respectively. Four of these MAbs were raised against WSSA (MAb-WSSA-AF-1-4), and 4 were raised against the WF (MAb-WF-AF-1-4). In Table 1 the specificity of the 8 selected MAbs is shown. A marked and almost similar cross-reactivity was seen when MAbs raised against WSSA were used. Of the MAbs raised against the WF, 2 (MAb-WF-AF-1 and-2) reacted strongly and specifically with Aspergillus spp., whereas MAb-WF-AF-3 and-4, apart from the Aspergillus spp., also reacted intensively with hyphae of the fungus Scedosporium apiospermum (Table 1) . Walls and septae were strongly labeled by MAb-WF-AF-1 and-2, but reaction was also seen within the cytoplasm of hyphae. Control staining with murine MAbs raised against other fungal genera, preimmune serum, and homologously absorbed MAbs showed no reactivity.
Immunohistochemical evaluation of bovine mycoses.
Based on the results obtained on reference infections, 1 MAb (MAb-WF-AF-1) specifically identifying Aspergillus spp. was selected for the screening of lesions from cattle with systemic mycoses. These screening results and those obtained with heterologously absorbed antibodies are given in Table 2 ; for some lesions the culture results are also given. The identification of aspergillosis lesions in placentas by the MAb-WF-AF-1 corresponded 100% to identification based on the polyclonal antibodies. In lymph nodes, identical results were also obtained by the MAb-WF-AF-1 and the polyclonal antibodies; the hyphae within none of them were identified as Aspergillus spp. Screening of gastrointestinal and concomitant metastatic mycotic lesions from which A. fumigatus and zygomycetes had been grown also produced identical results. In the 20 lesions of the gastrointestinal tract from which no fungus could be recovered or from which mycologic cultivation had not been attempted, the MAb-WF-AF-1 identified three cases of aspergillosis that had been typed negatively by the polyclonal antibodies ( Table 2 ). The pattern of staining Aspergillus hyphae in bovine tissues was as in murine tissues, i.e., walls, septae, and the cytoplasm contributed to staining (Fig. 1) . Immunoblotting, isotyping, and precipitin reactions of MAbs. Of the 8 MAbs selected from immunohistochemical screening, 6 (MAb-WSSA-AF-1-4, MAb-WF-AF-1 and-2) were isotyped as IgM antibodies and 2 (MAb-WF-AF-3 and-4) were of the IgG3 type. Only MAb-WF-AF-1 and-2 were precipitating, revealing a single line of precipitation against the WF of A. fumigatus. On immunoblots of WSSA, MAb-WSSA-AF-14 reacted identically and were bound diffusely to antigens having molecular masses from 35 to 51 kD. MAb-WF-AF-1 and-2 did not bind to the WSSA, whereas MAb-WF-AF-3 and-4 bound to antigens ranging from 35 to 58 kD (Fig. 2) . On immunoblots of the WF, MAb-WSSA-AF-1-4 also bound similarly to antigens with molecular masses from 43 to 45 kD. MAb-WF-AF-1 and-2 bound diffusely at 106 kD, whereas MAb-WF-AF-3 and-4 failed to bind (Fig. 3) .
No reactivity was seen on immunoblots of WSSA and the WF treated with preimmune serum and MAbs raised against A. corymbifera and R. arrhizus (Fig. 2,  3 ).
Discussion
The 2 MAbs (MAb-WF-AF-1 and-2) reacting with a 106-kD antigen of the WF of A. fumigatus specifically identified Aspergillus hyphae in experimentally infected murine tissues (Table 1) , as did MAb-WF-AF-1 in spontaneously infected bovine lesions (Table 2 ). In mycotic lesions of bovine placentas, lymph nodes, and the gastrointestinal tract, MAb-WF-AF-1 confirmed the diagnosis of aspergillosis obtained by heterologously absorbed polyclonal antibodies (Table 2) . Moreover, in 3 of 12 mycotic lesions, in which no diagnosis was obtained following use of polyclonal antibodies, aspergillosis was diagnosed when MAb-WF-AF-1 was applied.
Also the advantage of applying immunohistochemical rather than culture techniques is apparent; none of the 3 placentas from which 2 fungi had been grown actually were dually infected, and in 2 of 5 placentas from which fungi could not be grown aspergillosis was diagnosed ( Table 2) .
The reactivity of MAb-WF-AF-1 and-2 most likely is the result of binding to galactomannan; 30 the majority of galactomannan-containing antigens, which show a diffuse staining on immunoblots because of highly glycosylated moiety, have molecular masses greater than 45 kD and often above 100 kD. 30, 38, 19 Moreover, the pattern of immunostaining of cell walls of in situ hyphae (Fig. 1) is also indicative of binding to galactomannan because this is a major cell wall component in Aspergillus species. 38 Moreover, immunoelectron microscopy revealed that galactomannan also is located in the intracellular compartment of Aspergillus hyphae. 38 Because the galactomannans of Aspergillus spp. are immunologically similar or identical to those of Penicillium spp., 38 MAb-WF-AF-1 and-2 are likely also to react with species of the genus Penicillium. However, the only important infective species of that genus is Penicillium marneffei, which grows in the form of a yeast, does not form hyphae at body temperature, and can be differentiated morphologically from Aspergillus spp. Moreover, P. marneffei infections seem to be restricted to areas of Southeast Asia. 7 The cross-reactivity of MAb-WF-AF-3 and-4 with Scedosporium apiospermum rendered these MAbs unacceptable as diagnostic reagents because the morphology of Aspergillus and Scedosporium hyphae is identical within tissues. Also, the reactivity with the dermatophytes makes MAb-WF-AF-3 and-4 unacceptable as diagnostic tools because the morphology of hyphae in cutaneous aspergillosis may mimick dermatophytosis. 9 The widespread cross-reactivity of the previous studies of MAbs raised against A. fumigatus antigens, cross-reactivity with Candida spp. was found, 8, 36 and in immunoblotting experiments antibody binding to a band at 55 kD was found in an extract of C. albicans when 3 murine IgG, MAbs against a 58-kD A. fumigatus antigen were used. 8
